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a’lr^RY 


At  the  result  of  Phase  III  analytical  and  design  studies  and  dovelop.T.ent 
test  Lug,  the  Koael  1031-A  airborne  personnel  platform  was  found  to  be 
dynamically  stable  in  hovering  ar.a  in  forward  flight  up  to  a  speed  of 
16  niles  per  hour.  This  stability  was  achieved  by  raising  the  vertical 
conter-of-gravity  and  installing  a  gyro-paddle  stabiliser  system.  Hovering 
and  forward  flignts  at  low  altitude  in  winds  of  15  niles  per  r.our  with 
5  niles  por  hour  gusts,  demonstrated  the  reduced  gust  sensitivity  and 
improved  controlability  attained  under  this  program. 


Xetnocis  of  reducing  and  controlling  pitching  moment  were  studied.  Boundary 
layer  ;ontrol  of  duct  and  propeller  lift  was  considered  ara  found  to  not 
favor  a  sir, ole  solution.  A  duct  inlet  radial  vene  control  system  was  lVmd 
to  offer  rood  promise  of  providing  pitching  moment  control  mechanically 
available  to  the  pilot. 


/•.  ge  ,era.l  method  was  developed  for  calculating  power  required  in  forward 
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INTRODUCTION 


Sine*?  early  195b  through  Kovoroor  19^6,  this  Contractor  nay  b€*n  conducting 
a  program  of  research  and  development  of  an  airborne  personnel  platform 
under  Contract  Nonr  135HOO)  awarded  by  the  Office  of  Naval  Researcr., 
Departr^nt  cf  the  Navy.  Work  to  dat*  naa  been  performed  unaer  Phases  I,  II, 
j::.:  Ill  o:  contract. 

Fiaae  I  provided  tor  tne  design,  fabrication,  ana  testing  of  a  research 
platform  -ana ole  cf  being  3tai  -*j.aea  and  controlled  by  the  pilot's  instinctive 
reflex  responses*  Beth  Hiller  Helicopters  an:  tne  Office  of  Naval  Research 
C9siiTr.ee  the  Psase  I  prop  ran  for  the  purpose  of  extending  t'r.3  work  initiated 
y>  Kr.  Charles  ZLur.crman  and  studies  conaucted  '•  y  the  National  Advisory 
Ccnr.ittce  for  Aeronautics.  Tne  objective  of  Phase  I  was  to  aeteiv.ine  tne 
feasibility  and  design  anc  flight  characteristics  of  this  type  of  aircraft. 
The  guiding  philosophy  of  vehicle  design  was  that  control  and  stability 
±r,  rovering  ana  forward  flignt  would  be  attained  by  kinesthetic  control 
Wiiic.h  utilises  th*  same  human  musci  lar  reflexes  in  flight  as  are  used  by 
man  to  naii.t air*  the  body  upright,  when  standing  on  a  fixed  surface.  This 
principal  is  illustrated  and  described  in  detail  in  Appendix  I  and  was 
successfully  demonstrated  by  the  NACA  in  19o2  and  1993  (References  (a),  (b), 
ana  (o)  )  with  several  test  vehicles  dependent  on  a  ground  power  source. 

Phase  I  efforts  resulted  m  the  Hiller  Model  1031  airborne  platform  employing 
ducted  coaxial,  fixea  pitch,  propellers  driven  independently  by  two  Nelson 
Model  H"o9  engines  of  aO  horsepower  each.  This  vehicle  is  shown  in 
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Appendix  I  as  it  was  successfully  tested  in  hovering  free-flipr.t  on 
i  relruary  1955.  This  flight  followed  a  tether  f  1:  rht  lest  prop  ran  ir. 
v!  *ch  the  feasibility  of  this  type  of  aircraft  was  proven  ana  the  flying 
'j  ini  i *. to 3  were  generally  determined.  The  platform  was  found  to  to  contrc  1- 
ai  r  ncverir:,'  and  forward  flight  in  calm  air  but  control  in  rusty  winds 


vas  very  difficult; 
acwiticua!  study  of 
further  leta.ls  of 


the  platform  was  considered  unsafe  :cr  freo-flirht  and 
this  problem  was  rocomrendod.  Reference  (d)  present 3 
fre  Prase  I  prorran. 


Phase  II  was  initiated  on  15  Kirch  1955  to  improve  the  flight  character¬ 
istic  anc  safety  of  the  platform.  A  test  prorran  was  conducted  m  which 
quantitative  data  was  obtained  relative  tc  pitc.ning  moment,  lift,  drag, 
ch’n.st,  propeller  speed,  engine  speed,  ana  auct  pressure  distribution  as  a 
function  of  various  angles  of  tilt  and  forward  speed.  The  platform  was 
redesigned  t:  employ  a  coaxial  pear  box  propeller  drive  to  preside  balanced 
to'. yie  for  both  engines  or  only  one  engine  operating  so  tr.a+  yaw  control 
wo  :1b  be  better  m  free-fiight  arc  so  that  a  safe  emergency  landing  could 
re  mans  from  lew  altitude  in  the  event  of  a  single  engine  failure.  This 
r  a*? signed  machine  was  designated  Model  1031-A  and  is  snowr  in  fres-fli  :nt 
in  Appendix.  II.  Tether  flight  tests  were  conducted  to  obtain  qualitative 
data  relative  to  general  mechanical  performance,  thrust  versus  forward, 
speed  and  altitude,  steady  and  transient  pitching  moments,  pilot  control 
capabilities  in  pitch  and  roll,  maximum  forward  speed,  and  effect  on 
pitching  moment  characteristics  of  increased  inertia.  Pree-flighi  tests 
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were  contracted  to  permit  pilot  appraisal  of  performance  ami  flight  character¬ 
istics  without  the  limitations  imposed  by  the  tot.". or  tost  equipment.  Phase 
II  work  resulted  in  a  qua?  titativo  understanding  o:'  tho  forces  and  moments 
acting  on  the  platform  in  forwaru  flight  with  a  recommendation  for  stability 
analyse?  ana  tests,  rree-fliphts  denonstrated  that  the  plat  for.?,  was  very 
easily  controlled  in  hovering,  forward,  sidewara,  and  coordinated  turn 
Mneivers  in  caln  air.  It  was  recomm.onacd  that  the  platform  stability 
characteristics  be  thoroughly  studied  supported  by  a  flight  test  program 
and  that  studies  be  made  of  ruinous  of  providinr  the  pilot  with  a  boost 
control  system  since  pitening  moment  control  was  shown  to  be  marginal  at 
higher  forward  speeds.  It  was  further  recommended  that  additional  research 
be  conducted  to  investigate  the  influence  of  various  duct  snapes  on  perform¬ 
ance.  Reference  (e)  presents  further  details  of  the  Phase  II  program. 


This  report  presents  the  scope,  objective,  results,  conclusions  ana  recommend¬ 
ations  of  the  Phase  III  program  in  the  following  sections. 
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PHASE  III  PROGRAM 


A.  SCOPS  AND  ObJ  SIT IVES 

Phase  III  of  Contract  Konr  1357(00)  wan  Initiated  in  work  on 
i  February  *9^6  in  order  to  provide  technical  information  considered 
necessary  to  the  design  of  a  prototype  evalu  it ion  platforr  teing 
negotiated  by  Hiller  Helicopters  with  the  Bureau  of  Aeronautics, 
Department  cf  the  Navy  and  funded  by  the  Department  of  the  Amy. 


As  reccrr.ended  by  Heference  (e)  at  tne  conclusion  of  tne  Phase  II 
program  and  as  authorized  by  Contract  Nonr  1357(00),  the  following 
items  of  work  wore  initially  seneduied  under  Prase  Ills 


Truck  Tests 

a.  Measure  power  requirements  in  forward  flight. 

b.  Measure  vane  control  system  effectiveness  as  a  function  of 
attitude  and  forward  speed. 

:.  Aerodynamic  flow  investigations; 

1)  Complete  pressure  distribution  measurement. 

?)  Check  on  propeller  design. 

j>)  Determine  lift  distribution  between  propellers  ana  duct, 
ij)  Study  effect  of  boundary  layer  control  and  methods  of 
duct  pressure  distribution  control. 

Flight  Tests  -  Compare  manual  versus  boosted  controls. 

Reports  -  Performance t  control  forces,  and  aerodynamic  improvements 


possible  for  ducted  fans. 
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Initial  work  was  performed  to  rrepare  the  t**ucK  test  bod  1’or  t:*.e 
scr.^djied  tests  and  concurrently  tether  flight  tests  were  ccmct-i 
vi tn  cor.troiaLxe  duct  outlet  mounted  vanes  deter. led  ir.  a  lolicving 
section  o:  tnis  report,  r’lin.t  torts  were  initiat'd  at  tr.  earliest 
possible  dale  because  of  '.M3  Contractor's  corner,  about  tne  rust 
sensitivity  iharacteristlcs  cf  t;,e  Mode •.  103I-A  Airborne  Platform. 

Flight  tests  ol  the  uuct  mount. .1  outii-v  /dr.e  control  system  proved 
trisatis*.  actory  ana  tne  Contractor  proposed  a  revision  cl  tne  Phase  111 
r r op ram  *  orovide  for  conr.entra  ?d  effort  directed  toward  tne  inprove- 
mant  of  stai .lity  ana  control  characteristics.  Although  the  proposed 
ravisen  prop  ran  ma  r.ot  provide  i*  j  quantitative  data  relative  to  novjer 
requirements  in  forward  i light,  lift  distribution  between  propeller  and 
•  in  t,  arc  more  complete  pressure  distribution  da*  a  originally  sought, 
it  was  [’"oposed  ir.  tne  belief  that  successful  solution  of  the  stall! 2 ty 
u.d  control  prouiem  was  fundamental  to  the  success  of  any  future  airborne 
platforms.  Ac  ordingly,  the  following  work  was  2 ogramned  under  Cor  tract 
Non.'  l..':/'(00).  Phase  III,  as  revised: 

1.  Compute  power  requirements  in  forward  flight. 

2.  Install  vane  control  system  and  evaluate  control  effectiveness 
as  a  function  of  attitude  and  forward  speed. 

3 »  Modify  twe  existing  engines  and  purchase  an  additional  modified 
engine  for  use  as  a  spare. 
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Aerodynamic  flow  ir.vcs*  i  'atioi  ai 

*»•  Hake  pressure  distribution  reasurer.onts. 

b*  Study  out  lot  Y«lo'*i*y  distribution  and  chtck  prop«llor  design, 
c.  Study  of  fort  cf  to’Jidary  1  aye  r  control  arid  rvotnods  of  duct 
pressure  listrib  .t. on  control, 
d*  Compare  manual  versus  boosted  controls. 

€♦•  imports  on  t>rfor*«ir.ce,  control  forces,  and  aerodynamic 
improvements  or  ante!  fans* 

5*  Conduct  tethered  fll  ht  tes*s  of  gyro-controll«a  stabilizor  van*3 
to  determine  and  to  develop  proper  linkage  ratios,  gyro  damping, 
number  and  size  of  vanes  required,  ana  optimum  center-of-gravitv 
elevation  to  be  used  in  combination  with  the  var.es  in  both  calm 
air  and  joisty  wind  conditions* 

6*  Continued  analyses  of  stability  ami  control  character:  tics  to 

investigate  stability  in  forward  flight  at  relatively  high  speeds* 

7*  Free-f  light.  tests  wit),  tr.e  N:st  stability  and  control  factors 
developed  under  t-iis  program.  Tests  will  include  low  altituue 
flights  to  maximum  forward  speed  as  limited  either  by  psycnological 
factors  or  by  stability  and  control  characteristics.  These  tests 
will  also  include  rearward  and  sideward  flights,  quick  stops, 
and  banked  turn  maneuveis. 


A  detailed  discussion  of  the  program  accomplishments  arid  work  performed 
\mder  Phase  III  is  presented  in  following  sections  of  this  report, 
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B.  STABILITY  A?> 0  CONTROL 

Stability  and  control  of  the  Model  1031-A  airborne  personnel  platform 
was  improved  markedly  for  botn  hovering  and  forward  flignt  conditions  by 
raising  tiie  vertical  center-of gravity  and  adding  a  gyro-paddle  stabil¬ 
iser  system.  Dynamic  stability  in  hover inr  and  slow  speed  flirht  was 
improved  to  such  a  degree  tnat  such  flights  were  performed  in  calm  air 
and  in  gusts  to  $  miles  per  hour  velocity  with  equal  ease.  Forward  free 
•flights  at  a  speed  of  16  miles  per  hour  were  conducted  in  calm  air  and 
in  gusts  to  $  miles  ^er  hour  with  some  pitching  up  of  the  platform 
evident  at  this  speed  when  the  machine  was  hit  by  a  gust;  now ever,  the 
pitching  rate  for  tr.is  condition  was  reduced  considerably  compared  to 
the  basic  platform  at  the  end  of  Phase  II.  A  maximum  forward  speed  of 
20  miles  per  hour  was  attained  during  free-f light  in  calm  air  with  the 
Model  1031-A  in  its  final  test  configuration  including  a  gyro-paddle 
stabilizer  system  in  combination  with  a  raised  vertical  center-of -gravity. 
Figures  1  and  2  show  the  platform  as  finally  tested  in  free-f light. 

The  final  configuration  of  the  Model  1031-A  was  arrived  at  as  the 
result  of  analytical  and  design  studies  and  development  testing.,  Test 
investigations  included  duct  outlet  vanes,  raised  vertical  center-of 
“gravity  location,  de -coupling  of  pitch  and  roll,  and  a  gyro-paddle 
stabilizer  system  as  means  of  stabilizing  and  controlling  the  platform. 
Details  of  the  work  performed  and  the  results  obtained  under  this  section 
in  satisfaction  of  items  2,  lid,  5,  6,  and  7  of  Annex  A  to  the  subject 
contract  follows! 
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Analytical  Studies 


The  d;nanic  equations  of  notion  for  the  hovering  condition  of  the  air¬ 
borne  platform  wore  derivod  for  tho  pilot  fixed  condition  and  showod 
that  notions  doscribed  by  tho  platform's  forward  displacement  arc 
•  oupiod  with  the  pitching  angular  displacement.  Ar.  identical  sot  of 
two  equations  described  tho  sidewards  volocity  and  tho  rolling  angular 
displacement.  Analysis  3howod  that  for  tho  airborne  platform,  syrr.etri- 
cal  in  all  aspocts  oxcopt  for  the  product  of  inertia  about  the  vertical 
ax.13,  the  above  four  degrees  of  motion  were  coupled.  It  was  also  shown 
that  this  inertia  coupling  is  unstable  since  the  separate  motions  in 
the  pitch  and  roll  planes  are  identical  because  of  symmetry. 


The  coupling  of  pitch  and  roll  through  the  product  of  inertia  about  the 
vertical  axis  is  shown  in  Figure  10.  Since  the  platform  enpanes  are 
actually  located  off  the  pitch  and  roll  axes,  any  acceleration  about 
the  pitch  axis  y-y  will  induce  inertia  forces  that  wil±  cause  moments 
about  the  roll  axis  x~x  •  The  platform  as  a  free  body  in  space  will 
tend  to  pitch  about  its  minimum  moment  of  inertia  axis  which  is  located 
on  a  line  through  both  engines. 


A  two  degree  of  freedom  hovering  analysis  (angular  displacement  (  9  ), 
forward  velocity  (  ^  )  )  was  made  to  show  the  stability  variation  with 
vertical  center-of-gravity  location.  This  analysis  neglected  the  change 
in  fore  and  aft  force  set  up  by  a  unit  change  in  angular  ptiching  velocity 
(  X0  )  and  indicated  that  the  platform  was  very  sensitive  to  vertical 
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center-of -gravity  location*  The  platform  wa3  shown  to  bo  stoblo  for 
a  vory  small  range  of  positive  H^'s  near  zero  (M  ^  ■  change  in  net 
r.or.ent  about  tho  center-of -gravity  incurred  by  a  unit  change  in  forward 
velocity)  and  unstable  for  all  negative  M^'s.  By  varying  tho  vortical 
centor-of-gravity  elovation,  can  be  made  positive,  zero,  or  negative. 

A  two  degree  of  freedom  analysis  considering  tho  previously  noglocted 
foro  and  aft  i’orco  (  Xq  )  showed  that  the  platform  could  be  made  stable 
at  all  center-of -gravity  locations  if  it  could  be  designed  such  that 


Practically,  this  relationship  could  be  attained  by  mounting  a  vane  on 
a  boom  below  the  center-of -gravity  and  in  the  duct  outlet  airstream* 


A  preliminary  investigation  was  made  of  the  pilot's  floor  mounted  or. 
springs.  It  was  supposed  that  such  a  system  would  produce  uninitiated 
notion  of  the  pilot  relative  to  the  platform  and  so  achieve  a  certain 
amount  of  stability.  This  did  not  prove  to  be  the  case  and  it  was 
concluded  that  this  system  held  no  promise  for  improving  platform 
stability* 

Two  free  pivoted,  air  damped,  gyro-bars,  similar  to  the  Hiller  servo 
rotor,  were  studied.  These  devices  were  used  to  sense  the  pitching  and 
rolling  angular  velocities  and  to  control  vanes  located  at  the  platform 
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duct  outlet  to  correct  tho  aonsod  notions.  Tho  ays ton  acta  as  a  lag 
rate  autopilot  giving  signals  wnoao  components  are  proportional  to 
displacement  and  ralo  oi*  cnango  of  displacement. 

It  was  found  that  tho  gyro-bar  rtabilizor  syston  would  always  stabilize 
a  syston  whoso  unstable  characteristics  woro  of  an  oscillatory  divergent 
typo.  Howovor,  if  tho  vohiclo  woro  unotablo  in  a  non-oscillatory 
(aperiodic)  manner,  the  gyro-paddle  would  not  make  the  vohiclo  stabio. 
This  is  described  physically  by  rocognizing  that  the  gyro-paddlo  senses 
rate  of  change  of  notion  and  in  tho  caso  of  aperiodic  notion,  tho  rate 
is  continuously  increasing  with  tine  and  the  gyro-paddle  does  not  catch 
up.  ror  the  oscillator;/  divargent  case,  the  rate  varies  between  plus 
and  minus  values,  passing  through  zero,  and  the  gyro-paddle  can  achieve 
the  necessary  stability. 

The  Model  1031-A  airborne  platform  even  with  the  gyro-paddle  stabilizer 
devico  can  be  unstable  for  two  different  conditions.  If  the  vertical 
center-of-gravity  is  elevated  such  that  is  negative  (H  >  3* .20 
inches,  H  »  c.g.  height  above  duct  outlet)  the  platform  will  not  be 
stabilized  in  hovering  and  its  motion  is  aperiodically  divergent.  If 
the  vertical  center-of-gi  avity  is  located  such  that  H  c  3U«G  inches 
(such  that  is  positive  for  hovering  and  platform  will  be  stable 

in  hovering)  the  forward  speed  cannot  exceed  lfi.3  miles  per  hour  or  the 
motion  will  become  aperiodically  divergent. 

A  coupled  pitch  and  roll  analysis  of  the  platform  with  the  gyro-bars 
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installed  arid  considered  as  a  3yrr,etrical  system,  showed  the  system 
unstable*  Tlio  phenomena  is  best  described  as  being  similar  to  the 
product  of  inertia  effoct  whore  the  identical  motions  aro  coupled  through 
tne  quantity  (inertia).  The  gyro-paddles  couple  tho  syrr.etrical  pitch 
and  roll  motions  of  the  stabilizer  vanes  to  make  the  symmetrical  system 
unstable.  This  theoretical  instability  can  be  avoidod  by  making,  the 
linkage  ratio  in  roll  different  from  that  in  pitch. 

It  mist  be  remembered  that  all  of  the  stability  analyses  conducted 
to  date  considered  the  pilot  fixed  end  in  no  instance  were  the  actions 
of  the  human  autopilot  evaluated. 

Reference  (g)  and  (h)  present  platform  stability  analyses  in  further 
detail. 

2.  Tests 

a.  Duct  Outlet  Vanes 

During  22  March  through  2  April  19!?6,  tether  flight  tests  were 
conducted  with  duct  outlet  control  vanes  actuated  by  two  different 
mettiods;  one  a  tilting  pilot  floor  and  ring,  the  other  a  fixed 
.floor  and  tilting  ring. 

Since  past  flight  experience  with  the  airborne  platform  showed  it 
to  be  sensitive  to  gusts  and  since  otherwise  the  machine  was  found 
to  be  easily  controllable,  the  gust  sensitivity  anu  control  problem 
was  given  first  attention  in  the  Phase  III  program. 
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l)  design  -  A  sir.plu  system  of  var.o  control  was  designed  for  ti re 
purpose  of  providing  a  control  boost  svston  as  well  as  a  syst om 
of  gust  control  which  still  preserved  the  basic  concept  of 
kinesthetic  control  by  instinctive  actions  and  reactions  by  the 
operator.  Oily  longitudinal  control  was  provided  by  tms  system 
because  of  the  power  linitations  of  tiw  flatform,  the  weight  of 
the  control  syston,  and  thrust  losses  predicted  by  duct  exit 
dockage.  This  system  was  designed  30  that  as  the  pilot  Leaned 
forward,  the  trailing  edge  of  the  duct  outlet  mounted  control 
vanes  tilted  forward  producing  a  lift  vector  acting  at.  tr.e 
center  of  pressure  of  the  vanes  ana  directed  aft  to  produce  a 
forward  pitching  moment  about  the  platform  cer.ter-of -gravity. 

It  was  hypothesized  that  in  the  case  of  a  sudden  horizontal 
gust  acting  on  tne  machine,  the  machine  would  pitch  m  response 
to  the  gust  causing  machine  motion  relative  to  tne  pilot,  and 
pilot* 3  floor  and  thus  produce  vane  control  motion  resulting 
in  a  restorinp  moment. 

Figure  3  shows  seven  (7)  control  vanes  symmetrically  mounted  at 
the  bottom  of  the  uuct,  and  supported  at  each  end  by  self 
-aligning  bearings.  All  vanes  were  interconnected  by  Link-,  at 
the  center  of  the  duct  such  that  control  input  motion  at  the 
control  horn,  shown  in  Figure  b,  was  transmitted  equally  to  all 
vanes.  Vane  control  actuation  war  provided  by  means  of  a  bungee 
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restrained,  tilting  pilot  floor  and  ring  assembly  as  shewn 
in  Figuro  5*  The  pilot's  safety  ring  was  attached  to  the  pilot's 
floor  which  was  mounted  on  a  uniball  tearing  pivot  attached  to 
the  basic  structure  by  means  of  a  sheet  metal  support  enclosing 
the  upper  part  of  the  gear  box.  The  tilting  floor  assembly  was 
restrained  by  means  of  landing  gear  shock  cords  attached  at  four 
comers  with  provisions  for  varying  the  stiffness  of  this  bungee 
system.  A  control  am  was  provided,  attached  to  the  tilting 
floor  and  projecting  forward  and  attached  to  the  input  side  of 
a  flexible  pusn-pull  cable.  A  mechanical  stop  was  employed  to 
limit  the  floor  tilt  to  10  degrees  maximum  angle. 

2)  Tether  Tests  -  Twenty -eight  (28)  tether  flights  were  made  with 
this  system  with  various  combinations  of  bungee  stiffness, 
linkage  ratio,  and  numbers  of  vanes.  Tests  were  initiated  using 
seven  outlet  vanes  and  were  concluded  with  only  the  two  most  ait 
vanes  ir.  operation.  Flights  were  conducted  wi thin-ground-effect 
m  both  calm  air  and  gusty  winds.  Generally,  the  flight  character¬ 
istics  of  the  platform  were  unsatisfactory  with  this  system, 
although,  with  only  two  aft  vanes  installed,  for  the  first  time 
hovering  flights  were  made  in  20  miles  per  hour  winds  with 
approximately  5  miles  per  hour  gusts.  Pilot  control  effort  was 
noticeably  less  for  the  two  vane  system  than  for  the  machine 
without  vanes.  To  varying  degrees,  depending  on  the  number 
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of  vanes  and  to  a  leaser  degree  for  the  two  vane  system,  over 
controlling  and  lack  of  orienting  feel  was  a  common  pilot 
complaint.  These  poor  flight  characteristics  were  caused  by 
the  platform  noving  aft  initially  in  response  to  the  vane  motion 
followed  by  a  pitching  in  the  direction  of  applied  control. 

This  aft  motion  was  caused  by  the  unbalanced  vane  lift  force. 


In  an  attempt  to  improve  pilot  feel,  the  vane  control  system 
was  modified  such  that  the  pilot's  floor  was  fixed  and  the 
safety  ring  was  moveable.  This  control  is  snown  in  figure  6  and 
was  used  to  actuate  just  two,  aft  located,  duct  outict  vanes 
as  shown  in  figure  7.  Hovering  and  forward  flights  were  conducted 
in  calm  air  and  in  winds  up  to  20  miles  per  hour  velocity.  The 
platform  was  controlable  at  all  times  with  most  of  the  pitching 
moment  control  being  provided  by  the  vanes,  the  pilot  remaining 
substantially  fixed  relative  to  the  floor.  The  pilot's  feet 
ana  ankles  tired  rapidly  and  control  was  criticized  as  being  far 
from  instinctive  after  performing  12  flights  to  gain  complete 
familiarization • 


For  both  vane  control  systems,  the  angle  of  tilt  of  the  duct 
was  greater  for  a  given  forward  speed  than  for  the  machine  without 
the  duct  outlet  vanes.  Table  I  of  Appendix  V,  presents  a 
summary  log  of  the ^e  tests. 
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As  U.e  result  of  this  investigation,  it  was  concluded  that  the 
fixed-floor  tilting  ring  vane  control  ays ton  produced  the  best 
control  experienced  with  the  platforr.  under  wind  and  gust 
conditions  to  date  (2  April  1956)  but  that  pilot  comfort  and 
instinct  were  severely  compromised. 


b.  Vertical  Centor-Of "Gravity  location 

Following  the  generally  unsatisfactory  tests  of  the  duct  outlet 
control  system,  an  analytical  investigation  was  made  of  the  forces 
acting  on  the  platform  in  flight  and  their  effect  on  stability  and 
control.  As  the  result  of  these  studies,  tether  tests  were  conducted 
to  check  the  effect  of  various  vertical  center-of-gravity  positions 
on  stability  and  control  characteristics. 


Tne  controlled  duct  outlet  vanes  were  abandoned  entirely  based  on 
examination  of  the  force  system  produced  by  these  vanes  as  applied 
to  the  Model  1031-A  airborne  platform  (see  Section  C,  Part  1)  and 
in  view  of  the  improvements  promised  by  raising  the  center-of-gravity. 


Analytically,  it  was  predicted  that  by  proper  vertical  center-of 
-gravity  location,  neutral  stability  and  reduced  pilot  control  effort 
would  be  realized  for  hovering  and  slow  speed  forward  flight.  These 
predictions  were  substantiated  by  the  tether  tests  discussed  herein. 
Reference  (g)  presents  an  analysis  of  vertical  center-of-gravity 
position  effect  on  stability  and  control  characteristics. 
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1)  Design  -  Modifications  were  made  to  the  platform  to  permit 
incremental  raising  of  the  pilot's  floor  and  the  gross  weight 
center-of -gravity  for  the  pilot  fixed  condition.  Raising  the 
pilot  was  tne  obvious  expedient  method  of  raising  the  center-of 
-gravity  since  the  engines  represent  the  only  other  items  of 
large  maos  and  could  not  be  raised  without  the  additional  compli¬ 
cation  of  a  cooling  system*  Adjustable  floor  height  provisions 
were  simply  made  by  fabricating  several  sets  of  telescoping  tube 
supports  with  holes  drilled  through  and  fastened  with  bolts  at 
the  desired  tube  length. 

The  tether  test  rig  was  rebuilt  to  provide  greater  overhead 
clearance  beneath  the  tether  cable  as  required  to  accommodate 
the  increased  overall  height  of  the  piloted  platform.  Details  of 
tnis  modification  are  presented  in  Appendix  III. 

2)  Tether  Tests  -  Tests  were  conducted  to  determine  the  vertical 
center-of -gravity  location  that  would  produce  neutral  stability 
for  the  Model  1031-A  platform. 

In  order  to  determine  the  effect  on  center-of-gravity  position 
on  dynamic  stability,  the  platform  was  hovered  on  the  tether  rig 
and  externally  forced  to  pitch  while  the  pilot  remained  fixed. 

Tne  nose  of  the  platform  was  forced  down  and  the  platform 
permitted  to  oscillate  freely  with  the  pilot  fixed  until  the 
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oscillation  became  uncomfortably  severe.  The  amplitude  ar>d 
time  history  of  the  oscillations  were  observed  and  recorded  on 
film.  From  projections  of  the  film,  at  the  sans  speed  at  which 
the  filn  was  exposed,  too  amplitude  and  period  of  the  oscillations 
were  measured  tc  check  progress*  During  these  tests,  the  pilot 
floor  height  was  raised  from  the  original  design  level  cf  IP *70 
inches  to  a  maximum  elevation  of  L2.7?  inches  above  tne  uuct 
outlet  (total  floor  raise  -  2l  inches).  The  corresponding 
vertical  conter-of-gravity  movement  was  from  30.  0  Inches  to 
39 •  25  inches  above  the  duct  outlet  (total  c.g.  raise  -  8.7?  inches] 
For  every  one  (1)  inch  increase  in  floor  height,  the  vertical 
center-cf-pravity  movement  was  .32  inches  for  a  17c'  pound  pilot, 
figure  8  shows  the  platform  rigged  for  tests  with  the  highest 
center-of-gravity  location.  Table  II,  ci  Appendix  V;  presents 
a  summary  log  of  these  tests. 


These  tests  clearly  showed  an  increase  in  the  period  cf  oscilla¬ 
tion  ana  a  reduction  in  the  amplitude  as  the  center-cl -gravity 
was  raised.  Figure  9  presents  a  time  history  of  the  free 
oscillation  for  two  different  vertical  center-of-gravity  locations 
and  clearly  shows  the  effect  of  raising  the  center-of-gravity. 
These  curves  show,  for  a  U»2  inch  difference  m  vertical  center 
-of -gravity  location,  a  h  second  difference  in  period. 


Tethered  forward  flights  were  conducted  for  various  vertical 
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centor-of -gravity  locations  to  obtain  pilot's  comonts  relative 
to  flight  characteristics*  Both  pilots  felt  that  the  platform 
was  easier  to  control  at  all  higher  center-of-gravity  elevations 
except  the  maximum  wnich  was  8.75  inches  above  the  design  level. 
The  pilots  commented  that  the  platfom  seemed  difficult  to 
recover  from  tilt  at  forward  speed  at  the  8*75  center-of-gravity 
raised  position,  but  seemed  satisfied  when  flying  at  a  center 
-of-gravity  located  at  only  .61  inches  lower*  These  comments 
indicated  that  the  analytically  predicted  center-of-gravlty 
location  had  been  closely  approached  at  which  the  aperiodic 
motion  becomes  divergent  and  no  further  center-of-gravity 
elevations  were  tested* 


Movering  and  forward  flights  to  speeds  up  to  18  miles  per  hour 
were  conducted  in  calm  air  ana  winds  up  to  15  miles  per  hour 
with  $  miles  per  hour  gusts  successfully  for  the  center-cf -gravity 
vertical  elevation  at  5*76  inches  to  8*75  inches  above  the 
original  design  level* 


c*  De-Coupling  of  Pitch  and  Roll 

The  engine  installation  design  of  the  Model  1031-A  platform  produces 
an  un symmetrical  mass  distribution  geometry  resulting  in  an  unbal¬ 
anced  product  of  inertia  about  the  vertical  centerline.  Figure  10 
shows  diagrammatically,  the  unbalanced  mass  distribution  and  engine 
installation  geometry* 
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Tether  flight  tests  were  conducted  early  in  June,  19^6  to  confirm 
analytical  prodictions  that  pitch  and  roll  notions  could  be  de¬ 
coupled  by  raking  the  product  of  inertia  about  t.uo  vortical  axis 
zero*  As  an  expedient  r.otnod  of  accomplishing  tnis,  one  weight  was 
attached  to  each  of  two  diagonally  opposed  land.ng  gear  attachment 
fittings  to  offset  the  unbalance  caused  by  tho  engine  installation 
geometry*  The  location  of  these  weights  is  s.uown  ir.  Figure  10* 

Tests  were  run  with  three  different  sets  of  weights;  one  set  weighing 
3*3  pounds,  another  set  at  3*7  pounds,  and  the  third  set  at  h.l 
pounds* 

Tethered  oscillation  tests  were  conducted  arid  in  every  case,  the 
rolling  notion  was  markedly  reduced  when  the  platform  was  excited 
tc  oscillate  in  pitch.  For  the  3*7  pound  weight,  the  coupled  rolling 
with  pitching  notion  was  virtually  eliminated  proving  the  validity 
of  the  analysis  and  showing  the  need  to  provide  a  zero  product  of 
inertia  about  the  vertical  axis  in  the  design  of  tnis  type  machine. 

d.  Gyro-Paddle  Stabilizer  Device 

Analysis  of  stability  characteristics  showed  that  the  high  vertical 
center-of -gravity  location  required  for  dynamic  stability  in  hovering 
and  slow  speed  flight  could  be  reduced  by  employing  a  free  pivoted, 
air  damped,  gyro-bar  actuating  duct  outlet  mounted  vanes*  By 
providing  corrective  moments  in  pitch  and  roll  in  proportion  to  the 
angular  rate  and  platform  attitude,  this  device  was  shown  analytically 
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to  make  the  platform  dynamically  stable  in  .never  and  forward  flight 
by  providing  systen  damping  inherently  lacking  in  the  basis  Model 
1031-A  configuration.  Tnis  lack  of  damping  was  attributed  to  the 
rmall  rotor  diameter,  nigh  disc  loading  of  23*3  lb/it  ,  and  tr.e  lc« 
pitemng  and  roiling  moment  of  inertia  of  20  slug  feotc  icr  tr.e 
platform* 

A  gyro-paddle  stabilizer  device  was  designed  ar.d  tested  in  tethered 
and  iree-f lights  with  resulting  improved  stability  with  no  sacrifice 
of  controiafcility.  Test  results  agreed  almost  identically  with 
theoretical  predictions. 

1)  Design  -  Design  parameters  were  determined  as  reauired  to 
produce  a  corrective  pitching  moment  of  6.ii  ft-lb/degree  of 
gyro-paddle  tilt  in  pitch  for  a  two  vane  control  system  and  a 
platform  vertical  center-of -gravity  location  3l.  inches  above 
the  duct  outlet  (pilot’s  floor  30  inches  above  the  duct  cutlet- 
floor  raised  11*5  inches  above  original  design  elevation). 

Design  studies  produced  a  system  as  shown  in  Figure  lx(a)  which 
provided  for  damping  in  pitch  and  roll.  This  system  consisted  of 
two  pairs  of  aerodynamic  vanes  mounted  at  the  duct  outlet.  One 
pair  of  vanes  was  mounted  with  one  vane  near  tne  forward  edpe  of 
the  duct  ana  the  other  near  the  aft  edge  to  provide  pitching 
moment.  The  other  pair  was  similarly  mounted  near  each  side  of 
the  duct  to  provide  rolling  moment.  Span  of  each  vane  was 
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itO  inches,  chord  6  inches,  with  an  area  of  228  square  inches 
considering  a  2  inch  spanwise  gap  at  the  control  horn*  Actuation 
of  the  var;es  was  provided  by  two  freely  and  independently 
pivo*  ;d  frTO-tars.  The  gyro-bars  were  designed  to  have  a  polar 
moment  of  inertia  of  .010  slug  ft. 2  including  a  snail  airfoil 
shaped  paddle  mounted  at  the  tip  of  oacn  bar  to  provide  aero¬ 
dynamic  damping  of  tne  bar  flapping  notion. 


A  simplified  swash  plate  consisting  of  a  standard  universal 
joint  fitted  with  a  transfer  assembly  provided  for  the  transfer 
of  tilting  motion  of  the  rotating  gyro-paddles  to  the  staoilizer 
vanes  fixed  to  the  duct.  Conventional  turnbuckle  adjustable 
links  fitted  with  rod  end  bearings  linked  the  gyrc-paddles  to 
the  swash  plate  (universal  joint)  assembly.  Similar*  but 
longer  links  connected  the  vane  control  horn  to  a  post  projecting 
from  the  non-rotating  portion  of  the  swash  piate  assembly.  This 
non-rotating  assembly  was  mounted  on  a  bearing  tc  permit  free 
rotation  of  the  propeller  driven  gyro-paddles  which  were  mounted 
on  an  extension  of  the  lower  propeller  shaft.  The  linkage  ratio 
of  vane  tilt  angle  to  gyro-paddle  tilt  angle  was  set  up  at 
.65 ?1  with  provisions  in  the  vane  control  horn  for  decreasing  or 
increasing  this  ratio. 


Figure  11(b)  shows  the  mechanical  operation  of  the  system  fer 
the  case  of  the  duct  pitched  down  at  the  nose.  The  dash  lines 
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snow  tho  rolativo  position  of  the  tar  and  vanes  to  tne  -uct 
and  the  lift  force  "L*  so  produced  by  tho  vanes.  This  lift 
force  of  tho  vanes  produces  a  damping  moment  opposing  the 
pitching  or  rolling  moment  of  tho  plat,foro. 


2)  Tether  Test3  -  Tho  gyro-padule  stabilizer  sy3tor.  va3  fabricated 
and  tests  wore  initiated  on  12  July  1956  with  whirl  tests  of  the 
gyro-paddles  installed  on  the  Model  1031-A  platform.  No  diffi- 
culties  were  encountered  ana  tether  flights  wero  initiated  on 
15  Jul;.  1956  with  the  complete  system  installed.  A  total  of 
72  tether  flights  were  made  in  calm  air  and  gusty  winds  with 
various  linkage  ratios  and  two  sets  of  gyro-paddles  having 
different  values  of  inertia  were  tested  in  combination  with 
various  vertical  center-of-gravity  positions.  Oscillograph 
records  we re  made  showing  the  effective  damping  in  pitch  produced 
by  the  gvro-paddle  stabilizer  system  for  forced  and  free  oscil¬ 
lations  of  the  platform  with  no  pilot  corrective  control  by  4 e st¬ 
ing  for  the  following  conditions: 

1.  Vanes  disconnected  -  propellers  not  driven 

2.  Vanes  disconnected  -  propellers  driven  to  design  maximum  r pm 

3.  Gyro-paddle  system  operating  -  propellers  driven  to  design 
maximum  rpm 


Tether  tests  were  completed  on  11  September  1936  resulting  in 
greatly  increased  ho  rering  stability  ana  reduction  of  gust 
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sensitivity  of  the  rlatfonn  in  hover  ana  forward  flipit. 

r’irst  tother  tests  of  the  gyro-paddle  syntor.  snowed  very  little 
notion  of  the  vanes  for  both  slow  and  rapia  rates  of  niton  anu/or 
roll,  Changing  tne  lir.ka  *e  ratio  from  .65 1 1  to  _.  :1  ratio 
produced  no  apparent  ir.prover.ent  widen  led  to  ar.  investigation 
of  the  system  friction  losses  and  gyro-paddle  inertia.  A  or- 
por.ent  uy  corponcnt  check  of  tne  s  ter.  disclosed  very  nip 
friction  in  the  assembly  consisting  of  the  universal  jcir.ts,  gyro 
-paddles,  ana  links  between  these  cor.pcnents.  The  r.eedle  tearing 
cups  of  the  universal  joint  were  adjusted  axially  for  each  joint 
axis  ana  friction  in  the  universal  joint  was  greatly  reduced. 

One  link  of  each  set  of  two  links  from  each  gyrc-naualo  to  'he 
swash  plate  was  modified  to  allow  one  roa  end  bearing  tc  float 
axially.  Thus  all  control  motions  and  loads  were  transmit vyj  by 
one  link  per  gyro-paddle  and  the  other  link  of  each  "vo; 

only  to  maintain  static  balance.  All  rod  end  if  rungs  u  : 
universal  joint  be  or  inf  s  were  oil  lubricated  ana  overall 
friction  was  greatly  reduced,  hollowing  tests  ol'  the  :  .tern 
snowed  increased  vane  motion  but  the  notion  was  not  in  agreement 
with  the  1?1  linkage  ratio  used.  Additional  observati<  n  dis¬ 
closed  deflection  of  the  vanes  at  the  center  span  poinf  due  to 
control  load  applied  at  the  pitch  horn.  A  local  support  was 
fabricated  and  installed  and  subsequent  tests  proved  the  stabil¬ 
izer  system  to  be  operating  satisfactorily. 
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Ir»  order  to  investigate  various  combinations  of  gyro-paddle 
Inertia  and  vertical  center-of -gravity  position  after  vane 
notion  was  detemined  to  bu  satisfactory,  the  following  tests 
were  programed  for  tether  flightt 


Gyro-Paddle  Inertia 
(slur-ft^) 


(no  paddlos)  .016 


None  (vanes  locked) 


None  (vanes  locked) 


Vertical  c.g. 
(inches  above 
duct  outlet) 


3ft  .SO 
3ft. SO 
33.50 
3ft  .50 


37.00 


37.00 

37.00 

311.70 

31.70 


Pilot's  Moor 
(inches  above 
duct  outlot) 


bO.75 

10.75 
u  0.75 

110.75 

36.75 
36.75 

36.75 

30.75 
30.75 


Each  combination  of  parameters  was  tested  in  tether  flight  to 
obtain  a  qualitative  evaluation  based  on  pilot  comments  and 
observed  changes  in  free  oscillation  period  and  amplitude. 
Oscillograph  records  were  made  of  forced  and  free  oscillations 
of  the  platform  without  the  stabilizer  system  both  without  engines 
running  and  with  engines  running  to  determine  the  influence  of 
rotor  damping  on  pitching  oscillations.  Records  were  also  made 
with  the  engine  running  and  with  the  gyro-paddle  system  operating 
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to  determine  it3  effect  on  draping  in  pitch. 


Figure  12  shows  the  tost  sot  up  on  tho  static  tost  stand  for 
the  forced  ana  freo  oscillation  tosts.  rij'uro  13  snow3  the 
installation  of  a  potentiometer  for  measuring  angle  of  tilt  of 
tno  duct,  figure  lL  shows  tho  installation  of  a  potentiometer 
for  measuring  angle  of  tilt  of  the  pitching  vanes  rolative  to 
the  duct.  Similarly,  a  potentiometer  was  mounted  on  ono  of  the 
two  roll  vanes. 


Tests  on  the  static  stand  were  conducted  by  forcing  the  platform 
through  an  angle  of  ±20  degrees  at  various  angular  velocities. 
Oscillograph  traces  were  checked  to  observe  the  phasing  of  vane 
tilt  angle  and  platform  tilt  angle  in  order  to  determine  the 
function  and  response  of  the  gyro-paddle  stabilizer  system. 
Figures  15(a),  (b),  and  (c)  show  oscillograph  traces  for  the 
free  oscillation  of  the  platforn  with  no  power  and  with  nc  varies. 
Amplitude  of  tilt  angle  of  platform  versus  time  is  presented 
covering  an  elapsed  period  of  time  of  31*15  seconds.  These 
corves  are  also  indicative  of  the  oscillation  amplitude  and  time 
history  for  the  platform  with  power  on  and  with  no  vanes  which 
clearly  confirms  the  lack  of  damping.  Figures  16(a),  (b),  and 
(c)  present  a  time  history  of  amplitude  of  oscillation  of 
platform  for  power  on  and  no  vanes.  Figure  17  shows  the  time 
history  of  amplitude  of  oscillation  of  the  platform  for  power 
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on  and  vanes  operating*  It  is  clearly  shown  that  the  platform 
oscillation  is  almost  completely  damped  in  2  cycles.  Because 
of  system  friction,  tho  gyro-paddle  stabilizer  is  relatively 
insonsitive  to  low  angular  velocities  as  evidenced  dv  the  fact 
that  tho  platforr.  oscillations  are  highly  divergent  for  largo 
angular  velocities,  as  shown  in  Figure  17  for  the  first  two 
cycles,  and  neutrally  staole  for  low  ar^ular  velocities,  as 
shown  in  tho  third  cycle. 

Tether  stand  tests  were  conducted  with  the  pivot  point  for  all 
oscillations  be^ng  the  tether  cable.  These  tests  were  conducted 
in  order  to  obtain  oscillograph  traces  for  a  longer  period  of 
oscillation  in  order  that  the  vane  phase  angle  and  response 
could  be  determined  for  a  period  of  oscillation  substantially  the 
same  as  the  natural  period  of  the  platfonn  as  flown  without  the 
gyro-paddle  stabilizer  system.  Figure  18  shows  this  test  set 
up.  Tnese  test  results  showed  substantially  the  same  vane-duct 
tilt  phase  relationship  as  obtained  for  the  faster  period  oscilla¬ 
tions  and  confirmed  the  low  damping  characteristics  of  the  plat¬ 
form  without  the  vane  system. 

The  final  best  configuration  of  the  platform  at  the  conclusion 
of  these  tests  was  as  shown  in  Figure  19.  Significant  parameters 
are  as  follows? 
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«>nlor-of-gravity  elevation 


3Ij.75  Inchon  above  duct 
outlet 


Pilot's  floor  elevation 


30.75  inches  abovo  duct 
outlet 


Increased  c.p.  elevation 
compared  to  original  design 

Increased  floor  elevation 
compared  tc  original  design 

Gyro-paddle  polar  moment  of 
insrtia 

Linkage  ratio  (var.e  angle  to 
gyro-padole  flapping  angle) 


6.00  inches 


12  Leches 


.010  3 lug -ft ^ 


1.2S*i 


Although!  oiiots  preferred  the  easier  control  of  platform  at  highe: 
floor  olevations  up  to  2h  inches  abov^  original  design  level, 
psychological  factors  in  forward  flight  produced  a  3trong  prefer¬ 
ence  for  the  lower  floor  elevation  as  finally  determined  above. 


during  the  tether  tests,  hovering  and  forward  flights  were  made 
in  calm  air  and  winds  of  miles  per  hour  maximum  velocity  with 
5  miles  per  hour  gusts.  A  maximum  forward  speed  of  18  miles  per 
hour  was  recorded.  For  all  configurations  tested  using  the 
1.2psl  linkage  ratio,  the  platform  was  easily  controlled  and 
displayed  good  dynamic  stability.  Flight  characteristics  seemed 
little  cnanged  by  changes  in  vertical  center-of -gravity  location 
within  the  limits  tested 0 


Table  III,  Appendix  V,  presents  a  summary  log  of  these  tests, 
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3)  fYoe-FIirht  Teats  -  Free-flight  tests  wore  initiated  or. 

1?  September  1956  and  woro  conducted  to  confirm  the  findings  of 
the  tether  test  program  without  the  encumbrances  of  the  iethor 
rig.  levering,  forward,  rearward,  sideward,  and  quick  stop 
maneuvers  were  performed  at  low  altitudo.  Rotation  about  the  yaw 
axis  wriile  flying  forward,  and  coordinated  "S"  turn  maneuvers 
wero  executed.  All  maneuvers  were  conaucted  in  both  ca*r.  air  and 
iri  winds  of  15  miles  per  hour  maximum  volocity  with  5  riles  per 
nour  gusts.  For  all  flight  maneuvers  and  conditions,  stability 
was  very  good  and  control  was  remarkably  easy  up  to  the  maximum 
sustained  forward  speed  of  16  riles  per  hour  tested.  Maximum 
altitude  attained  was  12  feet  in  hover  and  5  feet  in  forward 
flight  as  limited  by  available  power  at  a  gross  weight  of  505 
pounds  which  represented  a  32  pound  overweight  condition  of  the 
platform.  A  total  of  2 h  flights  were  made  for  a  total  of  two  (2) 
hours,  seven  (?)  minutes  free-flight  time. 

These  free-flights  were  conducted  at  the  end  of  the  Phase  III 
program  and  were  concluded  with  flight  demonstrations  at  the 
Contractor's  facility  for  representatives  of  both  the  Office  of 
Naval  Research,  Department  of  the  Navy,  and  the  Office,  Chief  of 
Research  arid  Development,  Department  of  the  Army.  Representatives 
of  both  these  agencies  flew  the  platform  on  the  tether  rig  with 
notable  ease  in  both  calm  air,  in  5  miles  per  hour  gusts  and  in 
winds  up  to  1.5  miles  per  hour  velocity. 
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Tr.e  freo-f light  program  duplicated  the  tether  test  evaluation  of 
flight  characteristics  for  various  cor.binations  of  gyro~paidle 
inertia  and  vertical  centcr-of-gravity  location.  As  tho  rosult 
of  these  tests,  the  preferred  configuration  was  the  sar.e  as 
selected  by  tether  tosts  of  Part  2  of  b.is  section  excopt  that  the 
hoavier  gyro-paddlo  (.016  slug-ft.^)  was  selected. 


The  platform  was  easily  controlable  at  all  tir.es  and  exhibited 
no  instability  for  all  maneuvers  arid  at  all  speeis  tested.  Two 
of  tne  Contractor's  test  pilots  flew  all  the  maneuvers  and  it  is 
indicative  of  the  relative  simplicity  of  the  control  of  thin 
machine  t,o  note  that  one  of  the  pilots  accumulated  all  of  .is 
total  tine  of  li°  minutes  free-flight  experience  during  thi,;  test 
program  with  a  background  of  a  total  of  a  ,iours,  L  minutes  i  ether 
flight  tine  of  which  1  hour,  37  minutes  was  training  time.  Appen¬ 
dix  VI  presents  a  summary  log  of  the  training  program  for  she 
new  pilot. 


Sustained  forward  speed  was  limited  to  16  miles  per  hour  Decause 
of  the  occurrence  of  a  random,  intermit  tent,  pitching-up  of  the 
nose  in  the  speed  range  of  from  12  -  16  miles  per  hour  and 
because  of  power  limitations  of  the  platform  in  its  overweight 
condition.  The  pitching-up  at  the  nose  was  of  noticeably  lower 
amplitude  and  rate  tnan  was  experienced  for  the  basic  Model  103’1-A 
as  tested  under  the  Phase  II  program.  (See  Figure  A,II-1,  Appen¬ 


dix  II).  It  was  generally  believed  that  this  disturbance  was 
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causod  by  turbulent  air  numerated  beneath  the  platform  ir.  flight 
at  Uio  low  altitudes  (I.  -  $  foot)  necessitated  by  povor  1  ir.it  n- 
tiona.  Tho  randon  nature  of  these  oscillations  strongly  supr-orts 
this  opinion.  Power  limitations  r.ade  it  impossible  to  co.vmct 
forward  flight  tests  out-of-ground  effect  (approximately  2  rotor 
diameters  for  plutfom  -  1  foot).  A  hovor  altitude  of  If  feet 
was  attaLnod  in  one  flight  for  a  few  seconds  but  only  because  of 
the  low  early  r.ominr  ambient  air  ter.peraturo  and  the  initial 
nigr.er  power  produced  by  the  2  cycle  nngij.es  while  still  warring 
up.  normally,  all  flights  were  at  maxima  power  settings  while 
hovering  at  8  feet  altituae  and  as  the  platform  was  tilted  for¬ 
ward  to  fly  forward,  it  spilled  some  of  the  ground  cushion  and 
settled  to  within  5  feet  of  the  ground. 

Table  IV  presents  a  summary  log  of  total  log  of  airframe  and 
engine  hours  to  the  end  of  Phase  III. 

Table  V,  Appendix  V,  presents  a  summary  lor  of  these  tests, 
figure  1  and  2  show  the  final  configuration  of  the  Model  1031-A 
as  tested  under  this  program. 

C.  MET  10DS  OF  CONTROL 

The  basic  forces  acting  on  the  platform  to  produce  pitching  moment  were 
analyzed  and  several  methods  of  controlling  pitching  moment  were  studied. 

This  work  was  performed  in  order  to  determine  a  suitable  means  of  reducing 
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pitching  noncnts  of  the  platforr.  and  to  provide  tho  pilot  with  a  control 
newer  boost  system* 

Phase  II  track  tost  data  (Roforonce  (f)  )  ana  fligr.t  experience  s.nowec  that 
t..e  noso-up  pitching  moment  oi*  tho  platfom  increased  with  forward  speed  and 
was  accompanied  by  a  narrowing  of  the  positivo  margin  of  control  available 
to  tho  pilot  by  pure  kinesthetic  means*  Figure  20  presents  this  curve  for 
tho  Moael  1031  platfom  as  tested  under  Phase  II.  In  light  of  those  data  and 
in  anticipation  of  a  possible  increase  in  pitching  moment  versus  forward 
speed  for  tne  evaluation  platforms  (Model  1031-B)  being  negotiated  under 
Reference  (i).  these  studies  were  made  in  an  effort  to  insure  that  subsequent. 
[KJ’-scnnel  platforms  of  larger  size  could  be  controlable  by  kinesthetic 
control,  aerodynamic  controls,  or  a  combination  of  both* 


Two  methods  of  reducing  pitching  moment  were  given  a  preliminary  study.  Che 
system  employed  a  ventilated  forward  and  aft  duct  inlet  lip  with  the  forward 
and  aft  vents  interconnected  by  a  plenum  chamber.  This  system  was  proposed 
to  use  the  differential  pressure  between  the  forward  and  aft  duct  lips  to 
pcviae  boundary  layer  control  reducing  lift  on  the  forward  lip  and  increas¬ 
ing  lilt  on  the  aft  lip,  thereby  reducing  the  differential  lift  between  these 
two  lip  areas  and  reducing  the  nose-up  pitching  moment  without  an  appreciable 
etfeot  on  net  thrust.  Based  on  a  qualitative  preliminary  analysis,  it  was 
concluded  that  the  amount  of  pressure  available  by  this  means  was  insufficient 
to  provide  the  necessary  boundary  layer  control  and  that  a  power  driven 
suction  pump  would  be  required* 
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Tho  second  system  ol*  pitching  momtnt  control  proposed  was  baaed  on  reducing 
propeller  tij  losses  by  control  of  the  boundary  layer  at  the  propollor  tifs. 
By  this  moan3,  it  was  belioved  possible  to  produce  a  cyclic  lift  on  the 
propeller  wnich  could  be  uood  to  roduco  or  increase  pitching  moment.  This 
system  was  riven  only  a  cursory  examination  because  of  the  limitations  of 
time  and  money  and  the  priority  assigned  to  work  on  stability. 


It  was  generally  concluded  that  boundary  layer  control  system  studies  should 
is  given  greater  emphasis  only  if  other  simpler  means  of  pitching  moment 
control  are  r.ot  realized. 


Tnree  methods  of  pitching  moment  control  for  the  pilot  by  other  than 
kinesthetic  means  were  investigated. 

A  duct  outlet  mounted  vane  control  system  was  analyzed  following  tests 
described  inner  Section  B,  Part  2a.  It  was  concluded  that  this  system 
oesignei  as  the  sole  means  of  control  was  unsatisfactory  because  of  tr.e  ur.- 
ba^ancei  drag  force  produced  by  vane  lift  and  the  associated  increase  u. 
-iff or:  tilt  angle  for  a  given  forward  speed. 


A  duct  inlet  mounted  vane  system  was  studied  which  provided  for  the  differen¬ 
tial  operation  of  vanes  mounted  above  the  fore  and  aft  duct  lip  regions  in 
such  a  way  that  the  lift  on  these  vanes  could  be  used  to  produce  pitching 
moment  in  the  desired  direction.  Analyzed  as  the  only  means  of  control,  this 
system  was  found  to  produce  insufficient  moment  to  provide  the  required  nose 
"•town  moment  control. 
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A  system  o f  duct  ifllet  radial  guide  vanes  was  studied  in  which  radial 
controlabla  vanes  wore  located  in  the  duct  inlet  Just  above  the  upper  pr“~ 
poller.  By  changing  Lho  pitch  Anglo  of  thoso  vanos,  the  angle  of  attach 
cf  the  propollors  could  bo  changed  by  the  change  in  direction  of  the  relative 
: nlet  airstrean  ana  thus  cyclic  lift  could  be  produced  and  usod  fer  pitching 
moment  control.  This  system  was  found  to  be  the  most  promising  of  all 
systems  considered  as  an  independent  nonont  control  systen.  It  was  concluded 
*hat  more  extensive  studies  substantiated  by  wind  tunnel  tests  should  be 
underiaKen  to  explore  the  full  capabilities  of  this  system. 


Reference  (j)  presents  the  details  of  these  studies  conuucted  in  satisfaction 
of  Items  ha,  Lc,  and  he,  of  Annex  A,  of  the  subject  contract. 


D.  PERFORMANCE 

1.  Method  of  Calculating  Power  Required  for  Forward  Flight 

The  power  required  was  determined  from  considerations  of  the  energy  .level 
:.f  the  air  stream  prior  to  and  immediately  after  passing  through  the 
propeller.  Equilibrium  conditions  were  satisfied  throug,n  the  use  of 
momentum  equations  and  the  resultant  equations  were  solved  for  tilt  ang]/> 
and  power. 


For  the  Model  1031-A  platform,  the  power  required  was  found  to  be 
essentially  constant  throughout  the  flight  range  and  was  attributed  tc 
the  unclean  inlet  conditions  and  large  percentage  of  duct  area  blocked 
by  the  engines. 
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Reference  (J)  presents  this  motnod  of  analysis  and  comparos  calculated 
results  witn  truck  t«3t  data  of  Phare  II. 

Tills  vorx  was  accomplished  in  satisfaction  of  Iter,  1  of  Annex  A  cf  the 
subject  contract* 

2*  Thrust  Increaso 

a*  Increased  Propeller  RPH 

1)  Special  Fuels  -  The  platform  was  found  to  be  unable  to  hover  -with 
outlet  vanes  installed,  more  than  1  to  2  feet  above  the  ground 
in  70  degrees  to  75  degrees  F  ambient  air  temperature.  Because 
cf  spilling  of  the  ground  cushion  in  forward  flight,  such  flights 
were  impossible  with  such  a  low  hovering  ceiling.  Since  the 
testing  program  faced  "stretch-out"  because  of  tne  necessity  of 
flying  only  in  the  cooler  morning  hours  in  March,  1956,  static 
stand  tests  were  conducted  in  winch  static  thrust  was  increased 
15  pounds  by  the  use  of  a  special  fuel  mixture  consisting  of 
hO  percent  aviation  gasoline,  hO  percent  Benzol,  and  20  percent 
lubricating  oil  by  volume. 


Various  proportions  of  Benzol,  aviation  gasoline,  and  lubricating 
oil  were  tested  in  the  Nelson  H-59  engines  (rated  h0  hp  at  hi  COO 
rpm).  For  each  fuel  mixture  tried,  adjustments  in  spark  and 
carburetor  settings  were  made  until  best  thrust  at  allowable 
cylinder  operating  temperature  (350°F  for  70°F  ambient  tempera.*” 
tur?)  was  recorded.  Best  fuel  mixture  was  found  to  be  one 
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composed  of  10  percent  benzol,  LO  fwrcent  aviation  gasoline, 
and  20  percent  lu:  ricating  oil.  Attempts  to  run  on  pure  benzol 
and  oil  resultod  in  severe  carburetor  icing. 

Special  fuel  mixture  ingredients  tested  were: 

Aviation  gasoline,  80-67  octane,  regular,  non-loadei 
Aviation  rotor  oil,  SAS  30 
Benzol,  Technical  99-100  percent 


Standard  fuel  mixture  ingredients  were: 

Aviation  gasoline,  80-87  octane,  regular,  non-leaded 
Aviation  motor  oil,  SAE  30 

Proportions:  h  parts  gasoline  to  1  part  oil  by  volume 

All  duct  outlet  control  vane  tests  described  in  Section  B,  Part 
2a,  were  conducted  using  the  special  fuel  mixture  selected  by 
these  tests. 

Vanes  were  installed  and  thrust  measurements  were  made  t.c  detei- 
mine  actual  losses  due  to  the  drag  of  the  vanes  at  various  piitr. 
angles.  Figure  21  shows  the  variation  of  thrust  with  engine  rpm 
for  various  spark  settings  for  the  IjO  percent  Benzol,  UO  percent 
aviation  gasoline  and  20  percent  lubricating  oil  mixture  and  the 
standard  fuel  mixture  at  two  different  altitudes.  Figure  22 
shows  the  variation  of  thrust  with  vane  angle  of  pitch  at  the 
different  altitudes  for  the  special  fuel  and  standard  fuel. 
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2)  Kild  Suporcharglng  -  Since  tho  thrust  obtained  by  use  of  special 
fuel  was  still  marginal  for  platforn  flight  with  vanes  installed, 
an  atter.pt  was  made  to  obtain  increased  power  vy  mild  super- 
cnarging. 

Tuned  stacks  w*ro  installed  on  each  carburetor  inlet  as  shcvr 
in  Figure  23«  Tr, is  tecnniquo  has  worked  successfully  with 
four-stroko  cycle  ongines  but  could  not  bo  made  to  work  dp.  the 
Nelson  H-59,  two-stroko  cycle  engine.  The  arrangement  te.su d 
consisted  of  two  telescoping  lengths  of  aluminum  tubing  with  a 
rango  of  adjustment  on  each  side  of  the  calculated  required 
lengtn  for  air  wave  resonance. 

3)  Reworkod  Nelson  Engines  -  Since  power  was  still  marginal  on  all 
but  the  coolest  days  even  with  tne  use  of  the  special  fuel 
mixture  anu  3ince  the  wanner  summer  months  were  approaching,  tr.e 
liO  horsepower  Nelson  H-59  engines  were  returned  to  the  engine 
supplier  for  rework  and  modification  as  required  tc  produce 

horsepower  at  Ji,000  rpm.  This  horsepower  increase  was  con¬ 
sidered  fundamental  to  the  successful  exploration  of  vertical 
center-of -gravity  location  tests  which  were  planned  to  be  conduce 
ed  out-of-ground  effect.  A  spare  engine  was  purchased  to  insure 
the  test  program  schedule. 

The  engines  were  completely  rebuilt  including  new  crankcase, 
pistons,  and  cylinders  and  were  reinstalled  in  the  platform. 
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Static  thrust  tests  wore  conducted  to  r.oasur--  platform  tnrast, 
engine  rpn,  ana  cylinder  temperatures  at  *wo  different  altitude!; 
close  to  tno  ground. 


Static  tnrust  teat  data  for  the  L2  horsepower  Kelson  engine 
corrected  to  standard  conditions,  showed  a  static  trims*,  cf  "23 
pounds  for  duct  outlet  at  18  mcne3  above  ground,  engine  rpr  of 
3800  ana  spark  setting  of  30  degroes.  A  thrust  of  u53  pound3 
was  measured  for  the  duct  at  69  inches  at  ovn  ground,  engine  rpn 
of  3980  and  spark  setting  of  30  degrees.  At  no  time  die  cylinder 
head  temperatures  prosent  a  problem.  The  new  heads  constructed 
of  art  improved  .aluminum  alloy  permit  ar  allowable  temperature  cf 
L50  degrees  K.;  maximum  stabilised  temperature  recorded  was 
LOO  degrees  F.  Figure  2 u  shows  a  comparison  of  tnrust  versus 
engine  rpm  for  various  altitudes  tested  for  the  Nelson.  10  horse¬ 
power  and  L2  horsepower  engines.  It  will  be  r.cteu  that  the 
platform  static  thrust  in-ground-effect  is  23  pounds  higher  with 
the  n2  horsepower  engine.  Out-of -ground  effect  (6?  inch  luti "ude> 
the  static  thrust  is  only  7  pounds  higher  :ov  the  ij2  horsepower 
engine  compared  to  the  uO  horsepower  engine.  Pressure  surveys 
of  the  duct  outlet  indicate  that  there  is  a  flow  reversal  in  the 
central  region  of  the  duct  which  is  much  more  pronoun  ed  out-r.f 
-ground  effect  than  in-ground-effect.  It  was  hypothesized  that 
the  additional  blockage  of  the  duct  created  by  the  somewhat 
larger  cooling  vane  area  of  the  reworked  Nelson  engines  was 
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enough  to  cause  increased  turbulence  leninu  tno  cjl.nior  -.-aa* 
with  associated  loss  o:  thrust  at  altitude.  The  audition  of 
a  streamlined  cowling  ovor  the  cylinder  neadc  of  earn.  engine  did 
nothing  to  reduce  tnis  turbulor.ee. 


With  tno  rosul’s  of  these  tests  with  tr.o  increased  r.orsooower 
engines,  all  r.opos  of  conuuctinr  flirht  tests  out-of~f round 
effect  were  virtually  abandoned  since  it  was  clearly  shown  mat 
a  thrust  of  boh  pounds  (design  cross  weight  o.  basic  Model  10>1-A 
helicopter)  was  available  at  a  naxisiur.  of  li  foet  altif.de  on  a 
standard  day.  It  was  evident  that  earl;,  norr.inc  tests  would  bo 
required  to  obtain  larger  ground  clearance  for  forward  blight  • 


This  work  was  conducted  in  satisfaction  of  Item  3>  Annex  A  ci  the 
subject  contract. 


b •  Duct  O.i tie t  Diffuser 

Aji  analysis  was  made  of  tno  potential  thrust  increase  orom*  sec.  by  a 
duct  outlet  diffuser.  It  was  predicted  that  for  a  con: cal  ail  fuser 
of  12  degrees  included  angle  of  expansion  and  12  inches  in  length,  a 
6  percent  thrust  increase  would  be  realized.  Tnis  percentage  increase 
represented  32  pounds  static  thrust  increase  for  the-  Model  10.31  -A 
helicopter. 

Practical  problems  associated  with  fairing  the  joint  of  attachment 
of  the  conical  diffuser  to  the  basic  duct,  consideration  of  time  and 


CONFIDENTIAL 


E  — 12(C) 


n/“cW  HILLER  HELICOPTERS 

1*C 

CMCMP 

P 

.  St’MKARY  IMPORT 

1  *  PHASE  III  AUthORKE  P£RS0hKKL  PLAT FORK 

COh^miT  fionr  liS?(DO) 

lUjl-A 

t 6-1 1C 

CONFIDENTIAL 


expense,  and  the  unknown  weight  penalty  of  tnis  device,  resulted 
in  the  shelving  of  mis  idea  until  it  was  found  no-  oss?»ry  as  a  last 
resort. 

i igura  2^  presents  a  plot  of  percent  tnrust  increase  versus  divergent 
nozzle  length  for  a  1?  ctopree  equivalent  angle  of  expansion  conical 
exit  nozzle. 

c.  I)rag  Reduction 

In  order  to  ir.prove  the  static  tnrust  of  the  platfom  out-of-ground 
effect,  as  indicated  possible  by  pressure  surveys,  an  attempt  wa3 
made  to  clean-up  the  duct  inlet. 

Aluminum  fairings  were  nade  and  installed  on  the  engines  and  the 
engine  support  tubes  were  built  up  with  cardhoaru  am  aotied  tano  to 
give  a  streamline  shape  to  the  round  basic  tube,  for  the  junction 
of  the  uuct  inlet  to  engine  support  tube,  a  strealined  transition 
shape  fairing  was  luilt  up  from  cardboard  and  doped  tape.  Trie  alum¬ 
inum  fairings  were  soaped  to  enclo"“  the  sides  o.  the  engine  (fitting 
over  tiie  cylinder  heads)  and  the  back  end  of  the  engine  which  is  well 
out  toward  the  duct  wall.  This  fairing  extended  down  from  the  top 
of  the  cylinder  heads  in  a  converging  shape  to  very  close  proximity 
to  the  upper  propeller. 


Tetner  flight  tests  showed  about  one  foot  apparent  increase  in 
altitude  resulting  from  tuis  clean-up.  The  aluminum  engine  cowling 
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was  hoped  to  provide  the  most  thrust  pair,  by  reducing  tno  large 
amount  of  reverse  flow  r*> asured  below  ti  e  engine  cyl.miorn;  however, 
tests  made  with  this  rowlin'  removed  for  rupairs  to  fatigue  racks, 
showed  no  reduction  in  never  altitude.  All  subsequent  flight  tests 
wore  conducted  with  Just  the  orpine  tube  and  tube-auct  intersection 
fairir.g  as  snown  in  rigure  26. 

d.  Reduced  Propeller  Tip  Clearance 

Propeller  clearance  between  tne  blade  tip  and  the  wall  or  me  duct 
was  reduced  from  a  nominal  .25  inch  pap  to  a  .125  inch  gap  by 
correcting  the  out-of-roundness  of  the  duct  and  by  installing  two 
new  propellers  trimmed  to  clear  tne  duct  at  local  patenes  by  only 
*062  inches.  Improved  thrust  resulted  in  an  increase  it.  hovering 
altitude  from  5  feet  to  8  feet  and  an  increase  from  3  feet  tc  foci 
altitude  in  forward  flight.  These  gams  in  altitude  permitted  all 
horizontal  flirht  maneuvers  to  be  performed  with  *he  gyro-paddle 
stabilizer  system  installed  and  with  the  platform  )7.  pounds  over 
basic  design  gross  weight. 

Tne  duct  diameter  was  out-of-round  due  to  ageing  of  the  foamed 
in  place  filler  material  used  in  the  propeller  shroud  portion  of  tv.e 
duct  assembly.  Sheet  metal  brackets  were  fastened  to  this  shroud  and 
cables  with  turnbuckles  were  used  to  apply  desired  tension  between 
the  brackets  and  a  truer  rcundness  of  the  propeller  shroud  resulted* 
Local  patches  on  the  inner  surface  of  the  shroud  prohibited  reducing 
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the  gap  to  less  than  an  average  of  *125  inches  although  locaA 
clearances  over  critical  patchod  areas  was  as  little  as  .062  inches 
without  producing  blade-duct  contact  in  landing  maneuvers* 

Tne  tension,  cable  support  brackets  can  be  seen  in  Figure  1. 

3*  Propeller  Design  Check 

Tne  profiler  for  tho  platform  Model  1031-A  was  designed,  with  or.*'  except¬ 
ion,  according  to  tho  analysis  contained  in  Reference  (k).  Ail  calcula¬ 
tions  wore  carried  out  usinp  the  equations  developed  in  tr.at  report. 
However,  the  resulting  blado  settings  for  any  radius  were  lour.i  to  ue 
almost  identical  for  the  upper  and  lower  blades.  For  simplicity  of 
fabrication  the  values  were  averaged  and  used  for  lotn  blades.  No 
deviation  greater  than  .2  degrees  resulted. 

In  terms  of  gross  characteristics,  the  correlation  between  design  am 
test  values  is  quite  good.  The  induced  velocity  at  design  rpm  is 
2  percent  greater  than  calculated,  and,  as  should  be  expected,  the  thrust 
is  greater  by  approximately  the  square  of  the  induced  wlocity  ratio, 
or  3.5  percent.  Correspondingly,  the  power  required  is  slightly  higher 
than  predicted,  implying  that  the  propeller  efficiency  is  correctly 
estimated. 

Propellers  designed  strictly  according  to  the  analysis  of  Reference  (k) 
should  introduce  zero  net  swirl  into  the  wake.  Since  the  design  employed 
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aco3  net  Raima  in  proper  blade  aettinps  *ne  proper  irtf’.  *>v  ar.pl*  u  t 
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CONCLUSIONS  A.’uJ  R3C0MK2N1ATI0NS 


Tne  Kcciel  10)1 -A  airborne  nlnlfonr.,  as  riodil'itii  by  raising  me  cant§r-of 
-gravity  and  installing  a  gyrc-paddle  stabiliser  system,  is  dynamically 
stable  and  easily  controlablo  i:  ncvoring  arvi  iorwura  fligh*  a:  jp-*. jui 
up  to  16  -.lies  per  nour,  in  winds  up  to  l1  r.iies  mr  nour,  and  i*.  $  rales 
.our  gusts.  rroe-flivit  test  experience  and  cor:  iatio.n  wit*  P  as*  II 
true*;  test  data  snows  tnat  analytics*  netnou  ol*  ca^  eclat  .nr  * tv m  e, 
stability  and  cor.trol  characteristics  are  reasons':  ly  accurate.  For ware 
speed  is  United  by  power  lira  tat i one  o:'  present  Model  10)  -A  ana  a  rar.'iom 
noso-up  pitching  at  16  r.iies  ;er  hour  whicn  is  attributed  to  ground  im:  us¬ 
ances. 


It  is  recommended  that  additional  research  br  conducted  to  quantitatively 
evaluate  t.he  thrust  augmentation  and  pi  ten  inf  moment  characteristics  of 
various  duct  snapes  as  applied  to  me  Model  1031  airborne  pialiorm.  Furthe¬ 
st’ -.dies  ol  stability  and  control  should  be  conduvte  i  :  ased  or  rr-  jv  ~ 
characteristics  with  the  primary  objective  of  increasing  'peel  in  f  jrwar i 
flight.  Such  a  program,  properly  designed,  would  provide  data  useful  in  the 
design  of  future  airborne  platforms  such  that  higher  forward  speeds  nay 
be  assured  with  good  control  and  stability  characteristics. 
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FIGURE  1 

FREE  FLIGHT-FINAL  CONFIGURATION 
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FIGURE 


FREE  FLIGHT-FINAL  CONFIGURATION 
PILOT  IAPE 


FIGURE  5 

TILTING  FLOOR  VALE  CONTROL 


FIGURE  6 


TILTING  RING  -  FIXED  FLOOR  VANE  CONTROL 
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FIGURE  8 


MODEL  1031-A 
MAXIMUM  C.G.  ELEVATION 
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SKETCH  -  GYRO-BAR  STABILIZER 
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FIGURE  13 

PLATFORM  TILT  ANGLE  POTENTIOMETER  INSTALLATION 
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FIGURE  XL 

DUCT  VANE  ANGLE  POTENTIOMETER  INSTALLATION 
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FIGURE  18 


FREE  OSCILLATION  -  TETHER  TEST 
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EXPLANATION,  Or  KINESTHETIC  CONTROL 


The  human  bon**  is  iu  unstable  equilibrium  when  standing  erect  or.  a  solid 
surface*  Han's  upright  position  is  maintained  by  the  constant  exertion  of 
balanced  moments  and  forces  produced  by  the  muscles,  tendons,  ar.d'  joints 
of  the  body*  The  proper  balance  is  maintained  by  an  instinctive  sense  wnose 
end  organs  lie  in  the  muscles,  tendons,  and  joints  and  are  stimulated  by 
body  tensions* 

For  the  case  of  a  man  standing  on  a  fixed  surface,  if  he  leans  forward, 
his  weight  is  supportod  on  the  balls  of  his  feet  which  result  in  a  moment 
about  his  ankles  resisting  the  tendency  to  fall  forward  as  shown  in  Figure 
Al-la. 

For  the  case  of  a  nan  standing  on  an  airborne  platform,  in  fiir.t,  the 
forces  or.  the  man' 3  body  are  similar;  however,  the  force  reacting  at  the 
balls  of  the  feet  is  provided  by  the  platform.  This  force  will  occur  at 
some  tilt  angle  of  the  machine  and  the  tilted  tnrust  vector  will  pass  ahead 
of  the  center-cf-gravity  of  the  system  creating  a  correcting  moment  as 
shown  in  Figure  Al-lb.  It  then  appears  that  the  same  instinctive  reflex 
responses  which  stabilize  a  person  standing  on  the  ground  will  function  ir. 
the  same  sense  to  stabilize  a  person  on  the  airborne  platform*  because  of 
the  magnitude  of  the  thrust  vector,  the  restoring  moment  will  be  of  larger 
magnitude  for  the  person  on  the  airborne  platform. 
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FIGURE  AI-2 

FIRST  FREE- FLIGHT  OF 
MODEL  1031  PLATFORM  ON  1;  FEBRUARY  1956 
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FIGURE  AII-1 

FREE-FLIGHT  OF  MODEL  1031-A 
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TETHER  TEST  STAK'D  KODIr  ICATIOKS 


The  tethor  tent  stand,  usod  for  all  tetherod  flight  tests  of  the  platform, 
was  modified  during  the  nonth  of  June  1956  to  provide  for  a  larger  run 
between  towers  and  flights  at  out-of-ground  effect  altitudes. 

An  shown  in  figure  AIII-1,  tho  distance  between  towers  was  increased  from 
80  feet  to  120  feet  and  tho  tether  cable  height  was  raised  from  22  feet  to 
32  f^et*  The  additional  20  feet  of  ground  surface  between  the  r.ev  tower 
location  and  tho  original  black-top  surface  was  finished  with  concrete 
paving*  Tether  cable  support  towers  were  increased  in  height  by  the 
addition  of  a  10  foot  long,  L  inch  diameter  steel  pipe.  The  pipe  with 
cross  arms  extending  laterally  $  feet  from  the  center  of  the  towers  were 
welded  atop  the  original  structure*  The  vertical  extension  was  stiffened 
against  side  loads  by  a  brace  cable  anchored  with  turnbuckles  to  tnc  base 
of  the  tower  with  the  cables  passing  over  the  cross  arm  anu  top  of  the 
vertical  extension*  Figure  AIII-2  shows  the  completed,  modified  tetner 
rig. 

This  rework  of  the  tether  test  rig  was  undertaken  in  order  to  provide 
sufficient  height  to  permit  out-of-ground  effect  tethered  fiirhts  scheduled 
for  the  exploration  of  stability  characteristics. 
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